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Defect Engineering of Graphene Hybrid Catalystsfor Oxygen Reduction Reactions
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(Key Laboratory for Soft Chemistry and Function Materials Ministry of Education, Nanjing University of Science and Science
and Technology, Nanjing 210094, China)

Abstract: Oxygen reduction reaction (ORR) is important for energy and catalytic applications. Therefore, it is
significant to develop highly active and selective catalysts to promote ORR. According to the reaction process, ORR
can be categorized into two- and four-electrons transfer pathways. In this work, chemically modified graphene sheets
with different defects were used as precursors, which were integrated with Ag-7,7,8,8-tetracyanoquinodimethane
(Ag-TCNQ) to form hybrid catalysts. The ORR activities of Ag-TCNQ/high defect graphene and Ag-TCNQ/low
defect graphene were compared. The results show that the electron transfer number of ORR with Ag-TCNQ/high
defect graphene is 2.4. And its corresponding production yield of H,0O, is 0.62 mg/h, and Faraday efficiency is 64.45%.
In comparison, the electron transfer number of ORR with Ag-TCNQ/low defect graphene is 3.7 and the corresponding
half-wave potential is about 0.7 V (vs. RHE). Therefore, high structural defects promote the two-electron process of
ORR, while low structural defects facilitate the four-electron process of ORR. In the composites, Ag-TCNQ
nanoparticles and graphene have formed a hybrid effect to improve the catalytic activities.
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Fig. 1 Schematic diagram of material preparation process
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Fig. 2 SEM images of (a) low defect graphene, (b) high defect
graphene, (c) Ag-TCNQ/low defect graphene, and (d) Ag- TCNQ/
high defect graphene with insets in (c, d) showing corresponding

element analyses, TEM images and size distributions of (e) Ag-
TCNQ/low defect graphene and (f) Ag-TCNQ/high defect graphene
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Fig. 3 XRD patterns of (a) high defect graphene, Ag-TCNQ/high defect graphene, (b) low defect graphene and Ag-TCNQ/ low
defect graphene with inset in (b) showing enlarged XRD profiles of Ag-TCNQ, Ag-TCNQ/high defect graphene and
Ag-TCNQ low defect graphene; Raman spectra of (¢c) Ag- TCNQ/low defect graphene, Ag-TCNQ/high
defect graphene, and (d) low defect graphene and high defect graphene
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Fig. 6 (a,c) CV curves (0.87-1.06 V (vs. RHE)) at different scan rates and (b, d) corresponding capacitive Aj/2 at 0.98 V (vs. RHE)

as a function of the scan rate for (a,b) Ag-TCNQ/high defect graphene and (c,d) Ag-TCNQ/low defect graphene
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